To elucidate the effects of long term ethanol intake on the parotid gland, light and electron microscopic observations of the parotid glands from male Wistar rats that had been given 20% ethanol ad lib instead of water were carried out. The findings were compared with the changes in the pancreas previously reported (Kakizaki et al. 1987 ). The results were as follows : (1) Severe lesions involving lobular units of the parotid gland were found in three rats exposed to ethanol. (2) From the early stages of ethanol ingestion, the lateral interdigitations of acinar cells widened irregularly. In the striated ducts, basal enfoldings became also irregular and short, while the mitochondria (which were a slender rod shape and arranged parallel to the basal enfoldings in control rats) became swollen, developed a dark matrix, a decrease in the cristae, and showed random arrangement. (3) Later, both tortous proliferation of the intercalated ducts and destruction as well as irregular lamination of the basal lamina of the striated ducts were observed frequently. (4) The animals developing severe morphological changes in the pancreas following ethanol ingestion were different from the animals developing severe changes in the parotid gland.
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-ethanol ; parotid gland ; pathogenesis ; electron microscopy ; alcoholic pancreatitis Since 1971, we have reported a series of experimental and clinical studies concerning the relationship between the pancreas and parotid gland. We have demonstrated experimentally that after a pancreatic lesion was induced, the parotid gland became atrophic, degenerative, and hypofunctional, with accompanying diminution in the total volume, amylase content, and maximal bicarbonate concentration of the parotid saliva. Furthermore, with recovery of the pancreatic lesion, the parotid gland also displayed morphological and functional recovery (Kakizaki et al. 1971 (Kakizaki et al. , 1972 Ishidate et al. 1974) . Conversely, it was demonstrated that after impairment of the parotid gland, the pancreas was also influenced (Kakizaki et al. 1976a) . In an experimental study of parabiotic Received August 28, 1989 ; revision accepted for publication February 17, 1990 . 251 rats, we demonstrated that a humoral transmission mechanism participates in the development of an interactive response between the pancreas and the parotid gland (Kakizaki et al. 1978) . On the basis of these findings, we developed a parotid saliva test using the intramuscular injection of 1% pilocarpine hydrochloride as a screening test for the diagnosis of pancreatic disorders, and found that the test was sufficiently reliable and informative to merit an extensive clinical trial (Kakizaki et al. 1973 (Kakizaki et al. , 1976b (Kakizaki et al. , 1983 . The results of our parotid saliva test have been confirmed by some other authors (Grimmel et al. 1976; Nacchiero et al. 1978; Noronha et al. 1978; Mc Coll et a].. 1979a; Dudar and Gusak 1981; Medizova and Ivanov 1981) and disputed by some (Minaire et al. 1975; Dobrilla et al. 1979 ; Lankish et al. 1979) . Almost all of the subjects examined by authors who gave the test a negative report were patients with chronic alcoholic pancreatitis, while the majority of our subjects were those with non-alcoholic pancreatitis. The discrepancy may thus be due to the dual effects of ethanol on the pathological changes of the parotid gland, namely the direct effect of ethanol as well as the indirect effects induced by damage to the pancreas. Accordingly, the present study was undertaken to elucidate the effects of long-term ethanol intake on the morphological changes in the parotid gland in comparison with those of the pancreas which have been described previously (Kakizaki et al. 1987) .
MATERIALS AND METHODS
Eighty male Wistar rats weighing about 100 g and reared from the same litters were fed with a formula diet for four months (Table 1) . Thereafter, the rats were divided into ethanol and control groups. Rats of the ethanol group were given free access to 20% ethanol instead of water. Out of 80 rats, 27 died during the experiment. The 53 rats surviving were laparotomized underr ether anesthesia at the times shown in Table 2 . The pancreases and parotid glands taken from all rats were used for both light and electron microscopic investigations. The results concerning the pancreas have been published previously (Kakizaki et al. 1987 ) and the present report deals with the morphological TABLE 1. Composition of the diet for rats in this study changes of the parotid gland. Parotid glands were fixed in a cacodylate-buffered mixture of 4% paraformaldehyde and 5% glutaraldehyde, postfixed in cacodylate-buffered 1% osmium tetroxide, and then embedded in Epon. Ultrathin sections were stained with alcoholic uranyl acetate and lead citrate and observed with a JEM 100C-X electron microscope (JEOL, Tokyo). In addition, other parts of the parotid gland were immediately fixed in 10% buffered formalin (phosphate buffer, M/15, pH 7.4) and prepared for light microscopic examination by staining with hematoxylin-eosin and PAS-alcian blue-Masson's trichrome (pentachrome staining). Using this method, the acidic and neutral mucins are respectively stained by alcian blue and PAS, while the serous components are stained by the ponceau-fuchsin of Masson's trichrome (Mowry 1963; Sasano et al. 1969) .
RESULTS

Light microscopic findings
Control group Table 3 summarizes the histological findings in the parotid glands of the control rats. With pentachrome staining, almost all the secretion granules of the acinar cell were stained red by the ponceau-fuchsin of Masson's trichrome, although a few of them were stained with alcian blue. The alcian blue-positive acidic mucin showed a tendency to increase sporadically in the later breeding stage. Exceptionally, in three rats (rats No. 7, 8, 9 ) almost all the secretion granules of the acinar cells were stained with alcian blue, i.e., they were mostly mucinous. In contrast, the secretion granules of the intercalated duct cells always stained with PAS in pentachrome staining. Secretion granules were not detected in the striated duct cells, though most of the apical part of the cytoplasm of these cells was stained weakly and homogeneously by PAS in pentachrome staining. Disarrangement, vacuolation and fatty change of the acinar cells were occasionally observed from the early breeding stage, while fibrosis was sporadically noted after ten months of breeding. Ethanol group Table 4 summarizes the histological findings in the parotid glands of the ethanol group. The secretion granules of the acinar cells were almost all serous and the number of granules did not change remarkably in the early stage of breeding. Mucinous granules of the acinar cells increased in numbers after three months of ethanol ingestion, while the secretion granules of the intercalated duct cells did not change in number per cell or in intensity of staining throughout the experiment. Disarrangement, vacuolation, and fatty change of the acinar cells were common findings.
Three rats exposed to ethanol for ten months (rats No. 45, 46, 47) showed severe degeneration of lobular units (Fig. 1 ). In these degenerative lobules, the acinar cells were atrophic to flat, with a decrease of zymogen granules and dilatation of the acinar lumen. Around these atrophic acini, fibrosis was marked. Furthermore, the intercalated ducts were elongated tortously. Similar but mild lesions were sporadically observed in intralobular regions of eight rats (rats No. 36, 37, 38, 39, 48, 49, 51, 52) . Table 5 summarizes the electron microscopic findings of the control group. The secretooy granules of the acinar cells seemed to be heterogeneous in content, although almost all granules were serous on light microscopy ( Fig. 2) . In content, in the three animals mentioned above (rats No. 7, 8, 9 ) almost all the acini of the parotid gland were alcian blue positive. In these rats, the secretooy granules of the acinar cells homogeneously showed a low electron density (Fig. 3) . The granules were 1 to 2 p m in size. In the intercalated duct cells, the granular endoplasmic reticulum was slightly vesiculated in one rat. In the apical part, homogeneously electron-dense granules were observed, which were 0.5 to l pm in size and light microscopically PAS positive (Fig. 2) . In the striated ducts, the basal enfolding of the baso-lateral domain was remarkably developed. A number of the mitochondria were slender rod-shaped and were arranged parallel to the basal enfoldings, which toghether with the mitochondria formed the basal striation (Fig. 4) . In the apical-most part of the striated duct cells, a number of small vesicles (0.1 to 0.3pm) were observed. The content of the vesicles was finely granular and of moderate electron density (Fig. 5) . The endoplasmic reticulum of the striated duct cells was rather sparse. Acinar cells as well as ductal cells projected small numbers of microvilli into the glandular lumen, and near the lumen junctional complexes were observed.
Electron microscopic findings
Control group
Nerve terminals were frequently observedd in the acinar cells while they were scarce in the striated and intercalated ducts. Myoepithelium was observed frequently around the acini as well as the injercalated ducts, but was rarely seen around the striated ducts. Ethanol group The main electron microscopic findings are summarized in Table 6 . After 6 months of ethanol ingestion, the acinar cells became atrophic and the secretory granules also decreased in number. After three months of ethanol intake, secretory granules which were homogeneously of low electron density (i.e., mucinous) increased in number. Dilatation of the granular endoplasmic reticulum and vacuolar structures, including lysosomes and lipid droplets, were observed from an early stage of ethanol intake. The adjoining plasma membranes of the acinar cells, which formed marked interdigitations in control animals, became irregularly widened from an early stage of ethanol intake (Fig. 6) , although the junctional complexes of both acinar and ductal cells seemed unchanged throughout the experiment.
At an early stage of ethanol intake, proliferation of the intercalated ducts was observed in only two rats (Nos. 29, 34) but after four months it was observed frequently.
Along with this proliferation, transitional or intermediate striated and intercalated ducts were also observed frequently from an early stage of ethanol ingestion. The size of these ducts was large and similar to that of the striated ducts but in the cytoplasm few striations were observed (Fig. 7) . The changes of the organelles of the intercalated duct cells were generally slight, and almost the same as those of the acinar cells. Striated ducts showed the most remarkable changes in the parotid glands of the ethanol group. The basal enfoldings became irregularly oriented and shortened. Mitochondria were regularly located along the basal enfoldings in the control animals, but these became randomly dispersed in the cytoplasm after one months of ethanol intake and remained this way throughout the experiment (Fig. 8) . Moreover, the normally rod-shaped mitochondria became swollen. In these swollen mitochondria, the cristae were arrayed irregularly or decreased in number and the matrix showed increased electron density (Figs. 9 and 10 ). After ten months of ethanol intake, destruction and irregular lamination of the basal lamina could be observed in the striated elects (Fig. 11) .
As for changes of the nervous tissue, axon cylinders were found to be swollen and showed derangement of the neurofibrils as well as increase of the myelin-figure suggesting autolysosome. However, the nerve terminals in the acinar cells seemed unchanged by ethanol intake.
DISCUSSION
Secretory granules
Secretory granules of the acinar cells It is known that the scretory granules of the submandibular and sublingual glands are dual in nature (serous and mucinous) while those of the parotid gland are usually serous only (Jamieson 1988) . The serous granules of the parotid gland are pleomorphic in content and amylase is known to be localized in the electron-dense parts of these granules (Takeuchi et al. 1978) . Though the granules markedly decreased in number when fibrosis occurred around the acini, serous granules in general did not decrease so markedly with ethanol ingestion. In three animals (rats Nos. 7, 8, 9) of the control group which were bred in the same cage and sacrificed at the same experimental period, almost secretory granules of the acinar cells were alcian blue-positive, .i.e., acidic mucin-containing granules. In the other rats, alcian blue-positive cells were sporadically observed in the acini. They increased with aging and were more prominent with ethanol intake. We considered these changes to represent a kind of metaplasia, i.e., submandibulartype metaplasia of the parotid gland.
Secretory granules of the intercalated duct cells Smith and Patel (1984) immunocytochemically demonstrated an insulin-like substance in the intercalated duct cells of the rat parotid gland. This insulin-like substance has also been shown to be secreted into the saliva (Doi et al. 1978) . The granules of the intercalated duct are probably composed of glycoproteins, because they are PAS positive in pentachrome staining. These granules were smaller than those of the acinar cells and the content of the granules was evenly electron dense. Because of their apical localization, such granules are supposed to be exocrine. However, no evidence of the secretion of these granules towards the duct lumen could be found in this study. Furthermore, it is interesting that the number of the granules of the intercalated duct cells did not change much with ethanol intake, though the intercalated ducts themselves became hyperplastic in the later experimental stages.
Vesicles of the striated duct cells In the striated duct cells of both control and ethanol-treated animals, tiny clear vesicles located in the apical part of the cytoplasm and 0.1 to 0.3 microns in diameter were observed. These vesicles were unchanged in nature as well as in numbers by ethanol intake. Leeson (1967) has previously described this structure in electron microscopic studies on the rat parotid and submandibular glands. Rudy (1978) described small clear areas in the apical cytoplasm of striated duct cells of the nine-banded armadillo parotid gland that were positive for the periodic acid-Shiff reaction. Furthermore, a recent immunofluorescence study of kalikrein in the guinea pig submandibular gland specifically located this enzyme in the luminal border of the striated duct cells (Schachter et al. 1978) .
Mitochondrial changes
Mitochondria easily change from a rod-like shape into swollen organelles with a lucent matrix and irregularly arrayed, sparse cristae under various adverse conditions, such as in response to anoxia. The authors have reported in a previous paper (Kakizaki et al. 1987 ) that the mitochondria of the pancreas showed two different changes following ethanol ingestion. One was swelling with a clear matrix and loss of cristae, while the other was swelling with a dark matrix and loss of cristae. This increase of the density of the mitochondrial matrix is considered specific for ethanol ingestion, and is mainly observed in the acinar cells of the pancreas. In contrast, in the parotid gland, changes of the mitochondria were observed mainly in the striated duct cells. This difference of the effects of ethanol could be induced by a varying degrees of oxygen consumption reflecting the functional differentiation of the cells in each organ.
Changes in plasma membrane-related structures As stated above, in the parotid glands of the ethanol-treated rats the striated duct cells seemed to be injured most severely. Besides the mitochondrial changes the basal enfoldings became irregular and short from an early stage of the experiment. In the later stages, the striated ducts lost their striations and there was destruction and regeneration of the basal lamina. In addition, the ductal lumens became dilated with atrophy of the duct cells, and the striated ducts became difficult to differentiate from the intercalated ducts by light microscopy. This would be one cause of the apparent increase of intercalated ducts seen by light microscopic observation.
The lateral plasma membranes of the pancreatic acinar cells run parallel to each other at a distance of 20 to 30 nm, and interdigitations between them are rare. In contrast, the lateral plasma membranes of the neighbouring parotid acinar cells interdigitated at almost all parts in the control group. In the ethanol ingestion group, the distance between these apposing lateral plasma membranes of the parotid as well as pancreatic acinar cells widened irregularly. Nakamura et al. (1984) reported that in the liver, the reciprocal regulation of cell growth and hepatocyte-specific functions appeared to be modulated via cell-to-cell contact by cell surface modulators, i.e., integral membrane proteins. They further stated that at high cell density, as seen in liver tissue in vivo, the characteristics of differentiated hepatocytes in culture were expressed maximally while cell proliferation was strongly inhibited, whereas regenerating hepatocytes might temporarily lose cell-to-cell contact and therefore shift to proliferation.
As stated above, cell-to-cell contact was more close between the pancreatic acinar cells than between the parotid acinar cells. Moreover, autonomic innervation is rare in the pancreatic acinar cells but prominent in the parotid acinar cells. In other words, cell-to-cell interaction is appears to be more important for pancreatic acinar cells, and the changes of the lateral plasma membrane would more strongly influence their functions than those of the parotid cells during chronic ethanol intake.
The serum ethanol concentration is known to be almost the same as that in the parotid duct (McColl et al. 1979b) . Thus, ethanol is secreted directly into the saliva through the basal lamina and the cytoplasm as well as via the intercellular spaces. Under these circumstances, the most severe damage seems to occur at the sites of high metabolic activity, such as the striated ducts of the parotid gland and the acinar cells of the pancreas.
Interaction between the pancreas and parotid gland
The authors have reported that the pancreatic pathology appears to be associated with insufficiency of the parotid gland both functionally and morphologically. However, these changes are not necessarily constant. Both the pancreas and the parotid gland secrete amylase and bicarbonate, so a compensatory interaction between them is thought to exist. However, our experimental and clinical results showed that parotid gland function was depressed in patients with non-alcoholic pancreatic disorders. Whether the parotid gland is stimulated at the early stage of pancreatic dysfunction and then exausted, or whether it simply declines in function from the very first is not yet certain. With chronic alcoholic pancreatitis, the situation is still more complex. The parotid gland as well as the pancreas may at first be stimulated to hypersecretion by ethanol ingestion and then become hypofunctional (Borsanyi 1962; Dreiling and Bordalo 1973) .
The parotid glands of ethanol treated animals would be influenced in three different ways ; a) through pancreatic dysfunction, b) through alterations of autonomic nervous control influding changes of receptor function, and c) through the direct effects of ethanol on the parotid cells. In the ethanol-treated rats, the morphological changes of the parotid gland seemed rather different from those seen in the case of partial resection of the rat pancreas or with acute pancreatitis induced by ligation of the common bile duct in the rat (unpublished data). The most prominent difference was the degenerative changes of the parotid striated duct seen with ethanol ingestion. It also seems important that the animals (rats No. 35, 49, 53) which suffered severe pancreatitis due to ethanol ingestion (Kakizaki et al. 1987) showed only mild changes in the parotid gland and vice versa. These findings indicate the cause of the equivocal results of the saliva test for the diagnosis of the chronic alcoholic pancreatitis.
Precise morphological investigation of the parotid gland in experimentally induced non-alcoholic chronic pancreatitis is now in progress in our laboratory. In addition, morphometric analysis of changes of the autonomic nerves, especially of the nerve endings in the parotid gland, during ethanol ingestion seems to be necessary. Ethanol-treated rat (rat No. 45, 10 months of ethanol intake). Basal part of a degenerating striated duct.
Debris of the basal lamia (arrow) are observed outside the myoepithelium.
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